Abstract Turkey is the sixth largest producer of cotton in the world. Two of the most commonly applied pesticides used in cotton production are trifluralin and endosulfan. Although both are very effective at controlling pests, their persistence in the environment poses risks to human health and the environment. Four loam soils and one siltyloam soil were studied to evaluate the persistence of trifluralin and endosulfan in relation to soil characteristics. Degradation with trifluralin reached as high as 70% of the applied doses. Soils with the highest organic matter content had the lowest degradation rate, indicating a tighter sorption of trifluralin. Endosulfan degradation was a 
Introduction
Cotton is second largest agricultural crop in Turkey (Unlu and Bilgic 2004) . Production reached to 3.2 million tons in 2004, making Turkey the sixth largest worldwide producer (Yilmaz et al. 2005) . Many pesticides are applied to control pests, diseases, and weeds that would adversely affect cotton crops. Trifluralin has been used on almost all of the cotton crops since 1970 (Uludag et al. 2006 ). Since then, Turkey's pesticide consumption has reached up to 960 g/ha for the 700,000 ha used to grow cotton in the Aegean and Mediterranean regions (Uludag et al. 2006 (Uludag et al. , 2007 . In spite of many restrictions on pesticide usage, pesticide consumption in the country is still very high. Due to their wide application, concern exists over the environmental fate of pesticides due to their potential impact on both human and environmental health.
The environmental fate of pesticides, particularly those in soils, is closely related to their availability. A large proportion of the spray-applied pesticide dose reaches the soil surface, either directly and/or through foliage wash off (Schweizer et al. 2000; Turgut and Fomin 2002; Mamy and Barriuso 2007) . Further migration to groundwater, plants, subsurface soil, etc. depends strongly on the compound's physicochemical characteristics. The most critical parameter that controls pesticide fate in the subsurface is sorption, which is influenced by the compound's hydrophobicity (often expressed in terms of the octanol-water partitioning coefficient, K ow ; Hiller et al. 2008) .
Environmental contamination by pesticides can occur as a result of direct application of as a result of spillage. It is estimated that 10-100% of field applied pesticide will be deposited on the soil surface. Runoff from these surfaces represents a potential link to contamination of waters (Turgut and Fomin 2002; Jensen and Spliid 2003; Turgut 2003) .
Trifluralin is a dinitroaniline selective herbicide, which acts by entering the seedling in the hypocotyls region (Konen and Cavas 2008) . At higher dosages, trifluralin also inhibits root development and is often used as a pre-emergence control of many annual grasses and broad leaved weeds in cotton. Trifluralin has a log K ow 4.91 and 4 × 10 −5 mPa (20 • C; Cooke et al. 2004 ). Since Trifluralin is hydrophobic, it is strongly sorbed by soil organic matter (Tiryaki et al. 2004; Oldal et al. 2006) . Once bound, it persists in the soil and can injure sensitive crops grown in the years following herbicide application. For instance in Jokioinen, southern Finland, trifluralin was found to persist in the peas soil 1.5 years after treatment was ceased (Braunschweiler 1992) .
The degradation of low concentrations of trifluralin occurs mostly by UV-visible light or photooxidaton (Uludag et al. 2006) . Degradation is also facilitated by indigenous fungi (Critter et al. 2004 ) and other microorganisms. Microbial degradation rates are faster in flooded, anaerobic environments (Uludag et al. 2006); therefore, it tends to persist in arid regions.
Although Trifluralin has been very effective at controlling agricultural pests, its persistence and toxicity poses a serious environmental concern. Recent research has found that it is toxic to fish and aquatic invertebrates (Turgut 2007; Winkaler et al. 2007; Zaidenberg et al. 2007 ). Trifluralin has been implicated increasingly in mammalian toxicity (Fennell et al. 2006 ) and genotoxicity (Gebel et al. 1997; Fernandes et al. 2007 ). Studies by Saghir et al. (2008) have shown that it increases the thryroid follicular cell tumors in rats. It is also a suspected human carcinogen with an USEPA lifetime advisory in drinking water of 5 μg/L (Konen and Cavas 2008).
Endosulfan has become the most commonly used pesticide in recent years. It is a non-systemic insecticide with contact and stomach action used to control the chewing and boring of insects and mites (Tomlin 2006) . Endosulfan formulations are a mixture of alpha and beta isomers at 7:3 ratio (Kumar and Philip 2006). It can be biodegraded by fungi and other microorganisms. Aspergillus niger has been the most effective fungi at degrading endosulfa (Bhalerao and Puranik 2007) . Researches by Hussain et al. (2007) and Arshad et al. (2008) found Pseudomonas spinosa, Pseudomonas aeruoginosa, and Burkholderia cepacia to be the most effective bacteria for degrading endosuflan, degrading 90% of the applied amount within 2 weeks. Endosulfan sulfate was the most persistent metabolite of endosulfan (Hussain et al. 2007) . As with triflurain, endosulfan is very toxic to many organisms, e.g., fish and invertebrates (Ghardiri and Rose 2001) .
A clear understanding of the persistence and distribution of trifluralin in soil is necessary for both agricultural practice and environmental safety. Hence, the present study concentrates on the persistence and distribution of trifluralin residues in soil. The time required to convert to the organic farming from conventional farming may be expected with the results of this study.
Materials and methods
A total of five fields were selected for the experiments. The different chemical and physical properties of each field is shown in Table 1 . Four blocks from each field were selected randomly for sample collection.
Trifluralin was sprayed once at a concentration of 960 g a.i./ha before sowing the cotton. Cotton was sown at the end of April 2007 in Nazilli Cotton Research Institute. First sampling was started 1 day after application of trifluralin. Endo-
